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(57) A new floating gate programmable device cell 
is achieved. The device comprises, first, a negative in- 
jection transistor having drain, source, bulk, and gate. 
The source and bulk are coupled to ground. The drain 
forms an output of the cell. A positive injection transistor 
has drain, source, bulk, and gate. The drain, source, and 
bulk are coupled to a programming voltage. The gate is 
coupled to the negative injection transistor gate to form 



a floating gate node. Finally, a capacitor has a first ter- 
minal coupled to the floating gate node and a second 
terminal coupled to a control voltage. The states of the 
programming voltage and the control voltage determine 
negative charge injection onto the floating gate node 
and positive charge injection onto the floating gate node. 
A voltage on the floating gate node comprises a nonvol- 
atile memory state that is detectable by the impedance 
of the output. 
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Description 
Technical Field. 

[0001] The invention relates to a floating gate pro- 
grammable device circuit, and more particularly, to a 
floating gate device using charge injection. 

Background art 

[0002] EEPROM, Flash, and other programmable de- 
vices are integrated onto integrated circuit devices com- 
monly in the art. These devices present several difficul- 
ties for integration. One of the chief problems is that the 
programming voltages are typically much largerthan the 
operation voltages of the typical device technologies. 
For example, a 0.35 micron CMOS technology may 
have an operating voltage of between about 3 Volts and 
about 5 Volts. The gate breakdown voltage is about 7.5 
Volts for a gate oxide thickness of about 7.5 nanome- 
teres. Meanwhile the programming voltage for an EEP- 
ROM cell may be greater than about 1 1 Volts. 

To provide some form of integrated circuit pro- 
grammability, fuse devices are sometimes used. A fuse 
device, typically of polysilicon, can be selectively blown 
or not blown during a programming operation. This ap- 
proach only provides a one-time programmability for the 
integrated circuit device. Providing a programmable de- 
vice that can be re-programmed and that is programma- 
ble with low voltage CMOS circuitry represents a need- 
ed advancement in the art. 

[0003] Several prior art inventions describe nonvola- 
tile storage devices. U.S. Patent 5,835,402 to Rao et ai 
describes circuits for non-volatile storage on a CMOS 
IC. Low voltage devices are used to program and erase 
cells using high voltage. U.S. Patent 5,663,907 to Frayer 
et al teaches a circuit for programming EEPROM cells 
with high voltage. In addition, Ohsaki et al, "A Single Po- 
ly EEPROM Cell Structure for Use in Standard CMOS 
Processes," Journal of Solid-State Circuits, Vol. 29, No. 
3, pp. 311 -31 6, discloses a nonvolatile device structure. 
In Harrison etal, "A CMOS Programmable Analog Mem- 
ory-Cell Array Using Floating-Gate Circuits, IEEE 
Transactions on Circuits and Systems II, Vol. 48, N°. 1 , 
2001, pp. 4-11, nonvolatile "e-pots" are described. Fi- 
nally, in Hasleret al, "Overview of Floating-Gate Devic- 
es, Circuits, and Systems," IEEE Transactions on Cir- 
cuits and Systems II, Vol. 48, N°. 1 , 2001 , pp. 1-3, sev- 
eral floating gate devices and applications are dis- 
closed. 

Summary of the invention 

[0004] A principal object of the present invention is to 
provide an effective and very manufacturable floating 
gate programmable device circuit. 
[0005] A further object of the present invention is to 
provide a floating gate programmable device which can 



be programmed using low voltage CMOS devices. 

Another still further object of the present invention 
is to provide a floating gate programmable device which 
can be integrated into a standard CMOS process. 

s [0006] In accordance with the objects of this inven- 
tion, a floating gate programmable device ceil is 
achieved. The device comprises, first, a negative injec- 
tion transistor having drain, source, bulk, and gate. The 
source and bulk are coupled to ground. The drain forms 

10 an output of the cell. A positive injection transistor has 
drain, source, bulk, and gate. The drain, source, and 
bulk are coupled to a programming voltage. The gate is 
coupled to the negative injection transistor gate to form 
a floating gate node. Finally, a capacitor has a first ter- 

15 minal coupled to the floating gate node and a second 
terminal coupled to a control voltage. The states of the 
programming voltage and the control voltage determine 
negative charge injection onto the floating gate node 
and positive charge injection onto the floating gate node. 

20 a voltage on the floating gate node comprises a nonvol- 
atile memory state that is detectable by the impedance 
of the output. 



[0007] In the accompanying drawings forming a ma- 
terial part of this description, there is shown: 

Fig. 1 illustrates the first preferred embodiment of 
so the present invention. 

Fig. 2 illustrates the first preferred embodiment of 
the present invention including a state sensing cir- 
cuit and a means to switch the positive power sup- 
35 ply to high impedance. 

Fig. 3 illustrates a second preferred embodiment of 
the present invention. 

*o Fig. 4 illustrates a third preferred embodiment of the 
present invention. 

Description of the preferred embodiments 

45 [0008] The preferred embodiments disclose a floating 
gate programmable device circuit. It should be clear to 
those experienced in the art that the present invention 
can be applied and extended without deviating from the 
scope of the present invention. 

so Referring now to Fig. 1 , a first preferred embodi- 

ment of the present invention is illustrated. Several im- 
portant features of the present invention are shown. A 
single floating gate programmable (FGP) device cell 1 0 
is shown. In practice, many such FGP cells 10 could be 

55 used on a single integrated circuit device to implement 
a larger array of memory cells. 

[0009] The memory cell 10 comprises, a negative 
charge injection transistor, NM22, that preferably can be 
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in either of two states, ON or OFF. Alternatively, NM22 
can be in analog medium states, too. Up to 13 bit reso- 
lution of analog states is possible as disclosed in Harri- 
son et at, "A CMOS Programmable Analog Memory-Cell 
Array Using Floating-Gate Circuits, IEEE Transactions s 
on Circuits and Systems II, Vol. 48, N°. 1 , 2001 , pp. 4-1 1 . 
In the first preferred embodiment, the negative charge 
injection transistor comprises an NMOS transistor, 
NM22, with gate coupled to the floating gate node FG 
1 8. The source of NM22 is coupled to the lower rail, or 
VSS 54, node. The drain of NM22 is the output of the 
memory cell, OUT 58. The state of NM22 is controlled 
by the voltage level on FG 18. This FG 1 8 voltage level 
is, in turn, controlled by the remaining components of 
the circuit cell 10. 

Altogether, one electrode of C2 26, the gate of NM22, 
and the gate of PM 14 form the information storage 
node. 

[0010] A positive charge injection transistor is prefer- 
ably implemented as a PMOS transistor PM 14. PM 22 
has the source, drain, and bulk coupled to the first rail 
or VCC 50. The gate of PM 22 is coupled to FG 18. A 
capacitor, C2 26, has a first terminal coupled to FG 18. 
The second terminal of C2 26 is coupled to the NC 30. 
A first resistor R1 34 has a first terminal coupled to the 
first rail or VCC 50. The second terminal of the R1 34 is 
coupled to NC 30. A second resistor R2 38 has a first 
terminal coupled to NC 30. 

[0011] A positive injection control transistor N1 46 
preferably comprises an NMOS transistor with drain 
coupled to NC 30 and source coupled to the second rail 
or VSS 54. The positive injection control transistor N1 
46 is controlled by a programming signal INJP 62 that 
is coupled to the gate. A negative injection control tran- 
sistor N2 42 preferably comprises an NMOS transistor 
with drain coupled to the second terminal of R2 38 and 
source coupled to the second rail or VSS 54. The neg- 
ative injection control transistor N 2 42 is controlled by a 
programming signal INJNB 66 that is coupled to the 
gate. 

[001 2] Preferably, the charge injection transistors NM 
22 and PM 14 comprise low voltages devices such as 
those for a 3.3 Volt CMOS process where the gate break 
down voltage is about 7.5 Volts. The injection control 
transistors N1 46 and N2 42 preferably comprise higher 
voltage devices such as 5 Volt devices. Alternatively, N 1 
and N2 may comprise even higher voltage devices or 
even cascaded devices to allow switching of the VCC 
voltage. 

[0013] Resistors R1 34 and R2 38 and transistors N1 
46 and N2 42 form a variable voltage divider that is a 
first key to the operation of the cell. The variable voltage 
divider operates in three states. In the first state, tran- 
sistor N1 46 is not conducting and N2 42 is conducting. 
This is the non-programming state. In this state, the volt- 
age divider of R1 and R2 causes NC 30 to be pulled to 
about VCC/2. If the VCC 50 programming voltage is high 
impedance or not applied in this non-programming 



state, then the cell will hold its programmed value, if 
VCC is applied, then the cell enters programming mode. 
[0014] In the second state, N1 46 is conducting while 
N2 42 is not conducting. The voltage of the NC 30, is 
pulled down to nearly the VSS voltage 54. If the VCC 
voltage is applied such that the circuit enters program- 
ming mode, then the low voltage on NC 30 will cause 
the gate-to-source breakdown of transistor PM 14. 
Source-side positive charge injection from PM 14 will 
cause FG to be charged positively. When VCC is re- 
moved, the charge remains. The charged state of FG 
18 causes NM 22 to conduct current if a current source 
is applied at OUT 58. 

[0015] In the third state of operation, N1 46 is not con- 
ducting and N2 42 is not conducting. If VCC is applied, 
the NC 30 voltage will equal VCC. In this state, a gate- 
to-source breakdown occurs on NM 22 causing source- 
side injection of negative charge onto FG. The negative 
charging of FG is maintained after VCC is removed and 
causes NM 22 to be non-conducting when a current 
source is coupled to OUT 58. 

[0016] Note that NM 22 is used for both negative 
charge injection and for sensing in this embodiment. PM 
14 is used only for positive charge injection. However, 
PM 14 could be used for sensing as well if the drain of 
PM 14 is coupled to an output node. Capacitor C2 26- 
should be larger than the gate capacitance of PM and 
NM. C2 may be a parallel plate capacitor such as poly- 
oxide-poly Optionally, C2 may be a PMOS transistor if 
the capacitance is large enough. 

It is found that the gate oxide of the injection tran- 
sistors NM 22 and PM 14 provide excellent long term 
stability and maximum read-write cycles because of the 
dry oxide process used in the gate oxide formation. For 
C2 26 a stack of poly-ONO-poiy could be used. ONO 
provides low tunnel current and a high barrier. The re- 
sistors R1 34 and R2 38 may comprise n-well, n+rp+, 
lightly doped polysilicon, highly doped polysilicon, long 
channel MOS in well (PMOS), or MOS transistor current 
sources with cascodes to shield the large voltage. 
[0017] The programming voltage VCC follows the for- 
mula: 

C2/(C2+C NM+ C PM ) > V BROXIDE /VCC. 

Typically, V BROX | DE , or the oxide breakdown voltage of 
PM 14 and NM 22, is about 7.5 Volts. In this case, VCC 
should equal about 8.5 Volts. This VCC of about 8.5 
Volts is below the junction breakdown voltage 
V*brjunction of about 9 Volts. The preferred ratio of R1 
34 and R2 38 is about 1:1. The capacitance of PM 14 
and NM 22 is kept as low as possible. Hence, the 
capacitive divider comprising C2, PM, and NM has all 
of the voltage drop on either PM or NM. 

Referring now to Fig. 2 the first preferred 
embodiment of the present invention is illustrated 
including a state sensing circuit and a means to switch 
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the positive power supply to high impedance. The 
variable output impedance of the memory cell output, 
OUT 58, is used to convey the state of the cell 1 0 to the 
sense circuit. The sense circuit may comprise, for 
example, a constant current source element, IREF 130, 
a constant voltage reference, VREF 124, and a 
comparitor means 128. In the low output impedance 
state, when FG 18 is high and NM22 is ON, the constant 
current IREF 130 induces only a small voltage drop on 
OUT 58. In this case OUT 58 is less than VREF 1 24 and 
the ceil state bar or CSB 132 is low. In the high 
impedance state, when FG 18 is low and NM 22 is OFF, 
the current source IREF 130 induces a large voltage 
drop on OUT 58. In this case, OUT 58 exceeds VREF 
124 and CSB is driven high by the comparitor. 
[001 8] A second optional feature of the present inven- 
tion is shown as the pass gate 104. It is necessary to 
make the programming voltage VCC 100 switch from 
low impedance, during programming, to high imped- 
ance, during nonprogramming. The pass gate 1 04 may 
be controlled by a program enable signal, PROG 108 
and PROGB 112. Any charging path of FG 18 to VCC 
100 through the R-C network comprising R1, C2, and 
PM, is thereby eliminated. 

[0019] Referring now to Fig. 3, a second preferred 
embodiment of the present invention is illustrated. In this 
embodiment, the FGP cell 210 is inverted. The NMOS 
transistors, N1 , N2, and NM, of the first embodiment are 
replaced with PMOS transistors, P1 246, P2, 242, and 
PM 222. The PMOS transistor, PM, of the first embodi- 
ment is replaced with the NMOS transistor, NM 214. 
[0020] In the second embodiment, the positive injec- 
tion transistor PM 222 also serves as the sensing tran- 
sistor. The negative injection transistor is NM 214. The 
principle of operation of the second embodiment is es- 
sentially the same as that of the first embodiment. NC 
230 is either at VCC /2 (non-programming), VCC (neg- 
ative injection), or VSS (positive injection). The charge 
state of FG is detected by the conducting or non-con- 
ducting state of PM 222 when a current sink is applied 
to OUT 258. 

[0021] Referring now to Fig. 4, a third preferred em- 
bodiment of the present invention is illustrated. In this 
embodiment, cascaded devices are used to shield 
drains from the large VCC 300 voltage. For example, 
NMOS transistors N8 360, N6 362, N5 364, and N3 366, 
protect transistors N7 368, N5 364, and N2 372 from 
excessive drain voltage. Similarly, PMOS transistors 
P 1 6 356, P1 7 354, P1 8 350, and P20 352 limit or reduce 
the voltages across N6, N5, P4 342, P6 344, and P15 
346. 

[0022] The capacitor C2 330 is implemented as the 
combination of two PMOS transistors P1 334 and P19 
332 to achieve a large capacitance value. A larger cou- 
pling capacitor C2 reduces the needed programming 
voltage VCC 300. 

[0023] Transistor N2 372 is the positive injection con- 
trol transistor. Transistor N4 370 is the negative injection 
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control transistor. When INJP is high and INJN is low, 
N2 is conducting and pulls NC 340 to VSS 310. This 
causes positive charge injection on FG 338 due to the 
break down of the positive injection transistor PM 322. 
5 When INJN is high and INJP is low, N4 is conducting 
and induces a current through P15 346. This current is 
mirrored to P3 348 and causes NC 340 to be pulled up 
to VCC 300. Negative charge is injected into FG 338 via 
breakdown of NM 326. 
10 Note that NMOS transistors N6 362, N7 368, and 

N8 360 form an "inverted current mirror." If INJN is low, 
N4 370 is OFF and a current will flowing through N8 to 
the gate of N7. This causes transistor N7 to switch ON 
and source current to the current mirror formed by P4 
15 342 and P6 344. This, in turn, causes the node VGSS- 
WTH to be pulled up to VCC 300 and cutoff the current 
source P3 348. In this way, a feedback mechanism is 
established such that the pullup current for NC 340 is 
only turned ON when N4 is ON. This is a feature of this 
20 embodiment of the present invention. 

[0024] The advantages of the present invention may 
now be summarized. First, an effective and very manu- 
facturable floating gate programmable device has been 
achieved. Second, the floating gate programmable de- 
25 vice that can be programmed using low voltage CMOS 
devices. Finally, the floating gate programmable device 
can be integrated into a standard CMOS process. 
[0025] As shown in the preferred embodiments, the 
novel current sense circuit provides an effective and 
30 manufacturable alternative to the prior art. 

[0026] While the invention has been particularly 
shown and described with reference to the preferred 
embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details 
35 may be made without departing from the spirit and 
scope of the invention. It should be understood that it is 
possible to change the NMOS devices of the embodi- 
ments to PMOS devices, and visa versa, and to change 
the polarity of the voltages while achieving the same es- 
40 sential features of the present invention. 



Claims 

45 1. A floating gate programmable device cell compris- 
ing: 

a negative injection transistor having drain, 
source, bulk, and gate, wherein said source 
50 and bulk are coupled to ground and wherein 

said drain forms an output of said cell; 
a positive injection transistor having drain, 
source, bulk, and gate, wherein said drain, 
sou rce, and bulk are coupled to a programming 
55 voltage and wherein said gate is coupled to said 

negative injection transistor gate to form a float- 
ing gate node; and 

a capacitor having a first terminal coupled to 
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said floating gate node and a second terminal 
coupled to a control voltage wherein the states 
of said programming voltage and said control 
voltage determine negative charge injection 
onto said floating gate node and positive 
charge injection onto said floating gate node 
and wherein a voltage on said floating gate 
node comprises a nonvolatile memory state 
that is detectable by the impedance of said out- 
put. 

2. The cell according to Claim 1 wherein said negative 
injection transistor comprises a NMOS transistor 
and said positive injection transistor comprises a 
PMOS transistor. 

3. The cell according to Claim 1 wherein said capacitor 
comprises a MOS transistor having gate coupled to 
said floating gate node and drain, source, and bulk 
coupled to said control node. 

4. The cell according to Claim 1 wherein said capacitor 
comprises a dielectric consisting of one of the group 
of: gate oxide and oxide-nitride-oxide. 

5. The cell according to Claim 1 wherein said control 
node is coupled to said programming voltage to 
cause negative injection, is coupled to said ground 
to cause positive injection, and is coupled to a high 
impedance to cause no charge injection. 

6. The cell according to Claim 1 further comprising: 

a first resistor having first and second terminals 
wherein said first terminal is coupled to said 
programming voltage and said second terminal 
is coupled to said control node; 
a second resistor having first and second ter- 
minals wherein said first terminal is coupled to 
said control node; 

a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 
is coupled to said ground; and 
a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said second terminal of said sec- 
ond resistor and said source is coupled to said 
ground. 
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said control node; 

a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 
is coupled to said programming voltage; and 
a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said second terminal of said sec- 
ond resistor and said source is coupled to said 
programming voltage. 

8. The cell according to Claim 1 further comprising: 

a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 
is coupled to said ground and wherein said pos- 
itive injection control transistor pulls said con- 
trol node to ground when turned ON; 
a switch able current source coupled to said 
control node wherein said switchable current 
source pulls said control node to said program- 
ming voltage when turned ON; and 
a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said switchable current source 
and wherein said switchable current source is 
turned ON when said negative injection control 
transistor is turned ON. 

9. The cell according to Claim 1 further comprising a 
means to switch OFF said programming voltage. 

10. A floating gate programmable device cell compris- 
ing: 

a positive injection transistor having drain, 
source, bulk, and gate, wherein said source 
and bulk are coupled to a programming voltage 
and wherein said drain forms an output of said 
cell; 

a negative injection transistor having drain, 
source, bulk, and gate, wherein said drain, 
source, and bulk are coupled to ground and 
wherein said gate is coupled to said positive in- 
jection transistor gate to form a floating gate 
node; and 

a capacitor having a first terminal coupled to 
said floating gate node and a second terminal 
coupled to a control voltage wherein the states 
of said programming voltage and said control 
voltage determine negative charge injection 
onto said floating gate node and positive 
charge injection onto said floating gate node 
and wherein a voltage on said floating gate 
node comprises a nonvolatile memory state 
that is detectable by the impedance of said out- 
put. 
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7. The cell according to Claim 1 further comprising: 

a first resistor having first and second terminals 
wherein said first terminal is coupled to said 
ground and said second terminal is coupled to 
said control node; 

a second resistor having first and second ter- 
minals wherein said first terminal is coupled to 
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11. The cell according to Claim 10 wherein said nega- 
tive Injection transistor comprises a NMOS transis- 
tor and said positive injection transistor comprises 
a PMOS transistor. 

12. The cell according to Claim 1 0 wherein said capac- 
itor comprises a MOS transistor having gate cou- 
pled to said floating gate node and drain, source, 
and bulk coupled to said control node. 

1 3. The cell according to Claim 1 0 wherein said capac- 
itor comprises a dielectric consisting of one of the 
group of: gate oxide and oxide-nitride-oxide. 

14. The cell according to Claim 1 0 wherein said control 
node is coupled to said programming voltage to 
cause negative injection, is coupled to said ground 
to cause positive injection, and is coupled to a high 
impedance to cause no charge injection. 

15. The cell according to Claim 10 further comprising: 

a first resistor having first and second terminals 
wherein said first terminal is coupled to said 
programming voltage and said second terminal 
is coupled to said control node; 
a second resistor having first and second ter- 
minals wherein said first terminal is coupled to 
said control node; 

a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 
is coupled to said ground; and 
a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said second terminal of said sec- 
ond resistor and said source is coupled to said 
ground. 

16. The cell according to Claim 10 further comprising: 

a first resistor having first and second terminals 
wherein said first terminal is coupled to said 
ground and said second terminal is coupled to 
said control node; 

a second resistor having first and second ter- 
minals wherein said first terminal is coupled to 
said control node; 

a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 
is coupled to said programming voltage; and 
a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is, coupled to said second terminal of said sec- 
ond resistor and said source is coupled to said 
programming voltage. 
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17. The cell according to Claim 10 further comprising: 

a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
5 is coupled to said control node and said source 

is coupledto said ground and wherein said pos- 
itive injection control transistor pulls said con- 
trol node to ground when turned ON; 
a switch able current source coupled to said 
io control node wherein said switchable current 

source pulls said control node to said program- 
ming voltage when turned ON; and 
a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
15 is coupled to said switchable current source 

and wherein said switchable current source is 
turned ON when said negative injection control 
transistor is turned ON. 

20 18. The cell according to Claim 1 0 further comprising a 
means to switch OFF said programming voltage. 

19. A floating gate programmable device cell compris- 
ing: 

25 

a negative injection transistor having drain, 
source, bulk, and gate, wherein said source 
and bulk are coupled to ground, and wherein 
said drain forms an output of said cell; 

30 a positive injection transistor having drain, 

source, bulk, and gate, wherein said drain, 
source, and bulk are coupledto a programming 
voltage and wherein said gate is coupled to said 
negative injection transistor gate to form a float- 

35 ing gate node; 

a capacitor having a first terminal coupled to 
said floating gate node and a second terminal 
coupled to a control voltage wherein the states 
of said programming voltage and said control 

40 voltage determine negative charge injection 

onto said floating gate node and positive 
charge injection onto said floating gate node 
and wherein a voltage on said floating gate 
node comprises a nonvolatile memory state 

45 that is detectable by the impedance of said out- 

put; 

a positive injection control transistor having a 
drain, a source, and a gate wherein said drain 
is coupled to said control node and said source 

50 is coupled to said ground and wherein said pos- 

itive injection control transistor pulls said con- 
trol node to ground when turned ON; 
a switchable current source coupled to said 
control node wherein said switchable current 

55 sou rce pulls said control node to said program- 

ming voltage when turned ON; and 
a negative injection control transistor having a 
drain, a source, and a gate wherein said drain 
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is coupled to said switchable current source 
and wherein said switchable current source is 
turned ON when said negative injection control 
transistor is turned ON. 

5 

20. The cell according to Claim 19 wherein said nega- 
tive injection transistor comprises a NMOS transis- 
tor and said positive injection transistor comprises 
a PMOS transistor. 

10 

21 . The cell according to Claim 1 9 wherein said capac- 
itor comprises a MOS transistor having gate cou- 
pled to said floating gate node and drain, source, 
and bulk coupled to said control node. 

15 

22. The cell according to Claim 1 9 wherein said capac- 
itor comprises a dielectric consisting of one of the 
group of: gate oxide and oxide-nitride-oxide. 

23. The cell according to Claim 1 9 wherein said control 20 
node is coupled to said programming voltage to 
cause negative injection, is coupled to said ground 

to cause positive injection, and is coupled to a high 
impedance to cause no charge injection. 

25 

24. The cell according to Claim 1 9 further comprising a 
means to switch OFF said programming voltage. 

25. The cell according to Claim 19 further comprising 
cascading MOS transistors to increase operating 30 
range of said programming voltage. 
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